Based on prior studies, the hypothesis that hyperventilation (HV) may have a pressor effect and play a causal role in hypertension has been suggested. The objective of this study was to correlate HV with blood pressure (BP)-change during a postural challenge. Consecutive subjects referred for evaluation of syncope, dizziness, chronic fatigue syndrome (CFS), fibromyalgia, or non-CFS fatigue were assessed with a 10-min supine 30-min head-up tilt test combined with capnography. We selected for analysis the records of patients aged 17-70 years, not taking vasoactive medications, having sitting systolic BP (SBP)o140 mmHg, sitting diastolic BP (DBP) o90 mmHg, and who completed 30 min of tilt. HV was diagnosed when end-tidal pressure of CO 2 o30 mmHg was recorded consecutively for X10 min. Postural hypertension (PHT) was diagnosed when DBP on tilt X90 mmHg was recorded consecutively for X10 min. DBP-change was computed as (median DBP on tilt) À(median DBP supine). PHT and DBP-change were correlated with HV. A total of 320 patient charts were reviewed. PHT was present in 30 cases. The mean DBP-change in patients with PHT was þ 9.9 mmHg (s.d. 5.8), with three patients manifesting HV. Of the remaining 290 patients, 56 had HV, their mean DBP-change was -0.3 mmHg (s.d. 7.2). The other 234 patients without HV had a mean DBP-change þ 0.95 mmHg (s.d. 5.7), comparable to the DBP-change in patients with HV. In, conclusion, posturally induced HV was not associated with an increase in BP, nor was PHT associated with HV, except in a small minority of cases.
Introduction
The normal homeostatic response to stressful physical or mental stimuli includes increases in systolic and diastolic blood pressure (BP), heart rate (HR) and respiratory rate. 1 Hyper-reactive individuals may respond to a stressor of ordinary intensity with excessive increase in BP, HR or with hyperventilation (HV). 2, 3 HV is typically involved in the symptoms of panic attacks 2 and hypocapnia induced by HV may link between panic disorder and chronic fatigue syndrome (CFS), 4 asthma, 5 ischaemic heart disease 6 and arterial hypertension. 7 Among patients whose BP is poorly controlled despite medications, anxiety-induced HV was frequently recognized. 7 Assessment of the relationship between HV and BP is made difficult by technical constraints. Ideally, simultaneous monitoring of the BP and CO 2 in the patients' natural ambience should be performed. A 24-h ambulatory BP monitoring is feasible, however, because of the slow response time of the electrodes and reflex vasoconstriction of skin vessels transcutaneous blood gas measurements for HV are not reliable. 8, 9 The Hyperventilation Provocation Test consists of voluntary HV followed by monitoring the end tidal pressure of CO 2 (ETPCO 2 ) in the exhaled air in order to determine the time to recovery from induced hypocapnia. The low specificity of the Hyperventilation Provocation Test has been criticized. 10, 11 On the other hand, change in body position from supine to standing triggers HV in patients presenting the HV syndrome, distinguishing these patients from healthy subjects. [12] [13] [14] A postural challenge has been repeatedly utilized for the study of HV. 8, 13, 14 The fast response of BP and HR to acute stimuli is under autonomic nervous control and thus measurements of the BP and HR during a postural test can be used as one measure of cardiovascular autonomic activity, providing there is no evidence of organic heart disease, venous insufficiency or hypovolaemia. 1 Recognized pathological reactions to the head-up tilt test (HUTT) are formally defined as  vasodepressor and cardioinhibitory reactions, orthostatic hypotension, postural tachycardia syndrome,   1,15   hyperventilation   4 and postural hypertension. 16 Hence, the HUTT offers the possibility to assess the interface between BP reactivity and HV.
In the present study, we utilized a 10-min supine-30-min capnography-HUTT to study BP dynamics, assess HV and compare the magnitude of BP change in the presence and absence of HV.
Patients and methods

Patients
The institutional committee for human investigation at our hospital approved the study. Technicians carrying out the capnography-HUTT measurements did not know of the intention to compare between the groups; subsequent analysis of charts was conducted by outside investigators who were unaware of the study's design. The study sample consisted of consecutive patients referred to the Syncope Clinic of Bnai-Zion Medical Center between January 1999 and January 2004. The patients were primarily referred for the evaluation by HUTT for one of the following indications: evaluation of unexplained syncope or dizziness, appraisal of occult dysautonomia or as volunteers for the present study. All patients had sitting systolic blood pressure (SBP) o140 mmHg and diastolic blood pressure (DBP) o90 mmHg on three or more consecutive measurements during a 2-week period. All subjects were fully ambulatory at the time of the study. Patients with evidence of organic heart disease, venous insufficiency or hypovolaemia were not included. Patients taking vasoactive medications were excluded from the study. The subjects' ages ranged from 17 to 70 years. Six patientgroups were studied: neurally mediated syncope, 15 dizziness, 15 CFS, 16 fibromyalgia, 17 non-CFS fatigue, 16 and familial Mediterranean fever. 18 
Methods
Protocol of the capnography-HUTT 19
The tests were conducted from 0800 to 1100 hours, in a quiet environment, at a constant room temperature of 22-251C. The subjects had eaten their usual meals, but smoking and caffeine within 6 h of the examination were restricted. Intake of food products and medications with sympathomimetic activity was prohibited. Manual BP readings were taken by a physician certified in the technique recommended by the American Heart Association. 20 A mercury column sphygmomanometer (Baumanometer, standby model 0661-0250) was utilized for measurement of the BP, since this is the standard method to which other noninvasive devices of BP measurement are validated. 21 Studies on the accuracy of automated BP measurement devices showed that the majority of measurements overestimated the DBP, the SBP error varied with the device 22 and there was no predictable aberration pattern of the automated measurements. 23 The HR was recorded on an electrocardiographic monitor. The respiratory rate and the ETPCO 2 were continuously monitored with a Datex Normacap infrared capnometer (Finland). For accurate monitoring of breathing and ETPCO 2 , open-mouth breathing was not permitted and positioning of the nasal cannula 1 cm within the nostrils as well as patency of the cannula were supervised. The patient lay supine on the tilt table, secured to the table at chest, hips and knees using adhesive girdles, the cuff of the BP recording device attached to the left arm, which was supported at heart level at all times during the study.
Measurements in the supine position were recorded three times at 5-min intervals, at each step the BP being determined as the average of three paired systolic and diastolic readings. The table was then gently tilted head-up to an angle of 701. The duration of the tilt was 30 min. During the initial 5 min of tilt, measurements were obtained at 1-min intervals and subsequently, measurements were continued at 5-min intervals. Repeated measurements were taken at 30-s intervals when dizziness, faintness or loss of consciousness occurred. In the event of a loss of consciousness, the test was discontinued. Patients who could not complete 30 min of tilt were excluded from the analysis so as to permit assessment of the relationship between HV and PHT.
End points on capnography-HUTT
The following end points were determined.
Hyperventilation: Normal values of ETPCO 2 in our laboratory are within the range of 36-40 mmHg. In diagnosing HV, a reading below the ETPCO 2 cutoff of 30 mmHg is accepted by some authors while a 25 mmHg cutoff is preferred by others because of the alleged poor discriminatory power of the 30 mmHg cutoff. 9, 13, 24, 25 In the present study, HV was diagnosed when end-tidal pressure of CO 2 o30 mmHg were recorded consecutively for X10 min ( Figure 1 ). Symptoms of HV were recorded when patients volunteered them on their own initiative, but not in response to direct questioning, as follows: paresthesias of fingers or the face, palpitations, hot or cold sensations, lightheadedness, dizziness.
Postural hypertension (PHT): PHT was diagnosed when DBP on tilt X90 mmHg was recorded consecutively for X10 min (Figure 2) .
BP-changes: The differences between median BP on tilt and median supine BP were computed as absolute BP-change and per cent BP-change: 
Statistical analysis
The normality of distribution of values was assessed with the Shapiro-Wilk W-test. Unpaired Student's t-test was used to compare two independent groups of observations. P-values o0.05 were considered to be statistically significant.
Results
Three patient groups
Three patient groups were compiled: Group I-PHT (n ¼ 30), Group II-HV no PHT (n ¼ 56) and Group III-no HV no PHT (n ¼ 234). Three patients in Group I also had HV. The patients' ages, gender as well as median BP values are shown in Table 1 . The ages did not differ significantly among the groups.
There was preponderance of female subjects in all groups. The difference in gender ratio between PHT and the other groups was significant (Po0.0001), but not between the two normotensive groups (Table 1) .
SBP values and SBP-change in the different groups
The supine SBP was significantly higher in patients with PHT (group I) compared to other groups (Po0.005) (Figure 3 (Figure 4) .
DBP values and DBP-change in the different groups
The supine DBP was significantly higher in patients with PHT than in the other groups (Po0.0001) ( Figure 5 ) and so were the absolute and the per cent DBP-change (Po0.0001) ( Figure 6 ): PHT groupaverage DBP change ¼ þ 9.9 mmHg (s. Figure 1 A 36-year-old woman with CFS was evaluated on capnography-HUTT. HV occurred early on tilt and lasted throughout the tilt. Severe HV was associated with moderate decrease in SBP and steady DBP. 
PHT no HV
Discussion
In our study, normotensive persons were submitted to a standardized nonspecific challenge-the HUTT. On HUTT, hyper-reactive homeostatic mechanisms were expressed either by undue increase in BP, HV or by a mixed hypertensive-HV reaction. There was little overlap between high BP and HV. The hypothesis that HV may have a pressor effect is based on prior studies. It has been shown that HV may trigger digital artery spasm in Raynaud's disease, 26 may cause splanchnic arterial constriction, 27 increased coronary resistance and coronary artery spasm, 3 decrease of cerebral blood flow and increased risk of cerebral ischemia. 28 In one laboratory study, voluntary HV induced significant increased SBP by 8.9 mm Hg (Po0.01) and DBP by 8.2 mm Hg (Po0.05) in healthy persons. 29 Similar results were found by others 30, 31 (Table 2) . It is widely appreciated that HV is a frequent accompaniment to hypertension in panic attacks. 2 Yet, epidemiological studies suggest that anxiety or stress have little role in sustained hypertension. Indeed, anxiety correlates poorly with cardiovascular reactivity and anxiolytics do not sustain BP lowering in subjects with hypertension-associated anxiety. Chronic anxiety disorders are associated with relatively low BP and low prevalence of sustained hypertension. 32, 33 Postural challenge can trigger HV or PHT in predisposed subjects. 4, [12] [13] [14] 16 Hence, postural challenge offers the possibility to assess the interface between BP reactivity and HV. The HUTT technique applied in this study is extensively utilized for diagnostic purposes in syncope clinics. 15 The same protocol was applied in research for the study of disease-specific cardiovascular reactivity patterns in normotensive as well as hypertensive subjects. 34, 35 The normal homeostatic response to postural challenge consists in a decrease in SBP by an average of 6.5 mmHg (range À19 to 11 mmHg) and increase in DBP by an average of 5.6 mmHg (range À9 to 22 mmHg). 1 An exaggerated increase in BP during postural challenge has been called PHT: however, there are no accepted criteria to establish a diagnosis of PHT. Postural increase in SBP by 10 mmHg or more, indifferent of the absolute BP values, has been proposed as a criterion of PHT by some. 16, 36 Other authors have proposed an increase in SBP more than 5 mm Hg. 37 The degree of DBP increase on tilt is related to the subsequent development of diastolic hypertension, but has not been utilized as a criterion for diagnosing PHT. 29, 38 DBP exceeding 90 mmHg is arbitrarily accepted for office BP in distinguishing hypertension from prehypertension. The same cutoff has not been studied and validated for the diagnosis of PHT. Data of the present study showed that patients classified as PHT according to the DBP 90 mmHg cutoff had indeed an increased BP reactivity.
The clinical diagnosis of HV is based on sudden onset, rapid and deep breathing followed by lightheadedness, weakness and tingling of the extremities as well as the absence of abnormal cardiac or pulmonary findings or hypoxia, and termination of the incident by rebreathing into a paper bag. 6 Frequently, however, the HV is not clinically obvious. 13, 20, 39 The diagnosis of HV is confirmed by demonstrating the presence of hypocapnia. In diagnosing hypocapnia, the ETPCO 2 cutoff 30 mmHg is accepted by some authors while a 25 mmHg cutoff is preferred by others. 9, 13, 24, 25 The inconsistency in defining hypocapnia stems from the observations that the clinical consequences of HV are not dependent only on CO 2 levels, but also on the competence of the alkaline buffering systems, neuronal reactivity, integrity of the Ca 2 þ /Mg 2 þ balance in smooth muscle, and the efficacy of habituation. 40 Furthermore, symptoms that are typically associated with HV such as paresthesias of fingers or face, lightheadedness, dizziness, palpitations, tachycardia, headache, fatigue, heaviness of arms or legs, tremor of hands, hot or cold sensations, chest pain, nausea, tinnitus, visual blurring are not specific for hypocapnia and may be encountered in a variety of other disease states. 6 In our experience, paresthesias, lightheadedness or dizziness occurred with similar frequency whether HV was diagnosed according to ETPCO 2 cutoff 30 or 25 mmHg (Naschitz et al, personal communication). Careful supervision of the position of the nasal cannula within the nostril, patency of the cannula and avoidance of open-mouth breathing are mandatory for accurate monitoring of ETPCO 2 . This technique is preferred by our patients to nasal clip and mouthpiece for gas sampling and is reliable according to our experience.
In our study, no pressor effect was seen during hypocapnia. Patients who had HV on postural challenge had normal BP response to tilt. Patients who developed PHT had no HV, except in a small minority of cases. There was no link between BP reactivity and respiratory reactivity in this patient population having office BP values less than 140/ 90 mmHg and not receiving BP-lowering medications. These data are at variance with the assumption that HV may have a significant pressor effect in the normotensive subject.
The disparity between HV symptoms and BP reactivity in response to HV may be related to disproportionate constriction of arterioles in different vascular territories. 6 Thus, constriction of cerebral arteries resulting in cerebral ischemia can occur without a systemic pressor effect, as has been shown on trans-cranial Doppler and magnetic resonance flow studies. 3, 41 . Further, the 'HV symptom complex' 7 is only partially caused by cerebral ischemia Coronary artery spasm 3, 6 Mesenteric artery spasm 27 Digital artery spasm 26 Increase in BP in healthy subjects during voluntary HV 29 Simultaneous increase in BP and HV during panic attacks a 2
HV in hypertensive subjects with poorly controlled BP a 7
No increase in BP during HV in normotensive patients with a variety of clinical disorders (present study) a Causality questioned.
Hyperventilation and high blood pressurebut is also related to increased neuronal excitability. 42, 43 Thus, there is a rationale for the disparity between BP, HV and symptoms of HV.
There are limitations to the applicability of the results of this study. First, our selection included patients with a tendency to HV 14, 20, 39 and with often an abnormal cardiovascular reactivity. 34, 35 There was also a female gender bias. Therefore, observations of this study cannot be extrapolated to hypertensive patients or patients with anxiety. Second, a test of voluntary HV with the patient seated was not performed and we did not compare the cardiovascular and respiratory reactivity on HUTT with results of a voluntary hyperventilation test. Third, the prognostic significance of PHT and HV during the HUTT on later development of arterial hypertension have barely been investigated. 38 Our study did not provide additional data on this subject.
In conclusion, PHT did not correlate with HV in the present study. Similarly, posturally induced HV was not associated with an increase in DBP. These data provide evidence for lack of an obligate correlation of HV with elevated BP and do not support a common pathogenic mechanism for the two.
